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Recombinant MVA virus, and the use thereof 

The present invention relates to recombinant vaccinia viruses derived from the 
modified vaccinia virus Ankara (MVA) and containing and capable of expressing 
foreign genes which are inserted at the site of a naturally occuring deletion in the MVA 
genome, and the use of such recombinant MVA viruses for the production of 
polypeptides, e.g. antigens or therapeutic agents, or viral vectors for gene therapy, and 
the use of such recombinant MVA viruses encoding antigens as vaccines. 

Objects of the Invention 

It is an object of the present invention to provide a recombinant MVA virus which can 
serve as an efficient and exceptionally safe expression vector. 

Another object of the present invention is to provide a simple, efficient and safe 
method for the production of polypeptides, e.g. antigens or therapeutic agents, 
recombinant viruses tor vaccines and viral vectors for gene therapy. 

Still another object of the present invention is to provide an expression system based 
on a recombinant MVA virus expressing T7 RNA polymerase, and methods for the 
production of polypeptides, e.g. antigens or therapeutic agents, or for generating viral 
vectors for gene therapy or vaccines, based on this expression system. 

Background of the Invention 

Vaccinia virus, a member of the genus Orthopoxvirus in the family of Poxviridae, was 
used as live vaccine to immunize against the human smallpox disease. Successful world- 
wide vaccination with vaccinia virus culminated in the eradication of variola virus, the 
causative agent of the smallpox (The global eradication of smallpox. Final report of the 
global commission for the certification of smallpox eradication. History of Public Health, 
No.4, Geneva: World Health Organization, 1980). Since that WHO declaration, 
vaccination has been universally discontinued except for people at high risk of poxvirus 
infections (e.g. laboratory workers). 
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Davidson, N. [1992] FEBS Lett. 301 , 303-306, Buchhotz, C.J., Retzler C, Homann, H.E., 
and Neubert, W.J. [1994] Virology 204, 770-776). However, important future applications 
of the vaccinia virus/T7 RNA polymerase hybrid system, as e.g. to generate recombinant 
proteins or recombinant viral particles for novel therapeutic or prophylactic approaches in 
humans, might be hindered by the productive replication of the recombinant vaccinia 
vector. 

Vaccinia virus is infectious for humans and upon vaccination during the smallpox 
eradication campaign occasional serious complications were observed. The best 
overview about the incidence of complications is given by a national survey in the United 
States monitoring vaccination of about 12 million people with a vaccine based on the 
New York City Board of Health strain of vaccinia virus (Lane, J., Ruben, F., Neff, J. and 
Millar, J. [1969] New Engl. J. Med. 281, 1201-1208). Therefore the most exciting 
possibility to use vaccinia virus as vector for the development of recombinant live; , 
vaccines has been affected by safety concerns and regulations. Furthermore, mostof 
the recombinant vaccinia viruses described in the literature are based on the Western 
Reserve strain of vaccinia virus. On the other hand, it is known that this strain has a high 
neurovirulence and is thus poorly suited for use in humans and animals (Morita et al., 
Vaccine 5, 65-70 [1987]). 

For vector applications health risks would be lessened by the use of a highly attenuated 
vaccinia virus strain. Several such strains of vaccinia virus were especially developed to 
avoid undesired side effects of smallpox vaccination. Thus, the modified vaccinia virus 
Ankara (MVA) has been generated by long-term serial passages of the Ankara strain of 
vaccinia virus (CVA) on chicken embryo fibroblasts (for review see Mayr, A., Hochstein- 
Mintzel, V. and Stickl, H. [1975] Infection 3, 6-14; Swiss Patent No. 568, 392). The MVA 
virus was deposited in compliance with the requirements of the Budapest Treaty at 
CNCM (Institut Pasteur, Collection Nationale de Cultures de Microorganisms, 25, rue du 
Docteur Roux, 75724 Paris Cedex 15) on Dec. 15, 1987 under Depositary No. 1-721. 
MVA is distinguished by its great attenuation, that is to say by diminished virulence or 
infectiosity while maintaining good immunogenicity. The MVA virus has been analysed to 
determine alterations in the genome relative to the wild type CVA strain. Six major 
deletions of genomic DNA ( deletion I, II, III, IV, V, and VI ) totaling 31,000 base pairs 
have been identified (Meyer. H., Sutter. G. and Mayr A. [1991] J. Gen. Virol. 72, 
1 031 -1 038). The resulting MVA virus became severely host cell restricted to avian cells. 
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Furthermore, MVA is characterized by its extreme attenuation. When tested in a variety 
of an,ma, modeis, MVA was proven to be aviru.ent even in immunosuppressed anima,! 
More ,mportant.y, the excelient properties of the MVA strain have been demonstrated in 
extensrve ciinica. trials (Mayr et a.., 2bl. Bakt. Hyg. ,, Abt. Org. B 167, 375-390 11987] 

Z i nnn h" ^ 2386 " 2392 " 974]) - ^ these «— in ove/ 

120,000 humans, inciuding high risk patients, no side effects were associated with the 
use of MVA vaccine. 

MVA replication in human ce»s was found fo be Nocked fate in Mectton preventing the 
aseetnbty to mature infeoious virions. Nevertheless. MVA was abie .o express vira, end 
recombinant genes a. high teveis even in non-permissive ce«s and was proposed to 
serve as an efficient and exceptionally safe gene expression vector (Sutter. G and Moss 
an«, Proo. Natt. Acad. SC. USA 83. ,0847-fOaSf,. Recentty. novel vaccinia v«o 
sterns were esubtished on the basis of MVA, ha«ng foreign DMA sequences inserted 
a„hes«eo, deletion II, within ,he MVA genome or within fhe TK gene, Sutter G anT 
Moss, B. [19951 Dev. Biol. Sfcnd. Basel, KargerM, t^OOand USpLs^S.^, 

To further expfoif me use of MVA a novel possible way to inttoduoe foteign genes by 
,e °°™"*«°° Wo me MVA strain of vaccinia virus has been sough, Since the 
■mention was no, ,o otter ,he genome o, me MVA virus, i, was necessary to use a memod 
whrch complied wtth ttris requirement. Aocordtng ,o mo presen, inventton a foreign 2 
sequence was recombined ,n,o ,he vira, DMA precise* a, ttre stte o, a na,ura,,y occorino 
deletion in the MVA genome. anyoccunng 

Summary of the Invention 

The present inventton thus, imerfilis, oomprises ttte foilowing. a,one or in combinatton: 

A recombinant MVA ™ s oomaining and capable o, expressing a, leas, one foreign gene 
inserted a, me site o, a naforalry occumng deletion wKhin me MVA genome; 

a recombinan, MVA virus as above containing and capable o, expressing a, leas, one 
forergn gene inserted a, me sfte of daletton „ witt*, me MVA genome; 

a recombinant MVA virus as above wherein ,he foreign gene codes for a marker a 
merapeufro gene or an antigenic determinant; 
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a recombinant MVA virus as above wherein the foreign gene codes for an antigenic 
determinant from a pathogenic virus, a bacteria, or other microorganism, or from a 
parasite, or a tumor cell; 

a recombinant MVA virus as above wherein the foreign gene codes for an antigenic 
determinant from Plasmodium Falciparum, Mycobacteria, Herpes virus, influenza virus, 
hepatitis, or human immunodeficiency viruses. 

a recombinant MVA virus as above wherein the antigenic determinant is HIV nef or 
human tyrosinase; 



a 



recombinant MVA virus as above which is MVA-LAInef or MVA-hTYR; 



a recombinant MVA virus as above wherein the foreign gene codes for T7 RNA 
polymerase; 

a recombinant MVA virus as above which is MVA-T7 pol; 

a recombinant MVA virus as above wherein the foreign gene is under transcriptional 
control of the vaccinia virus earty/late promoter P7.5; 

recombinant MVA viruses as above essentially free from viruses being able to replicate 
in human cells; 

the use of a recombinant MVA virus as above for the transciption of DNA sequences 
under transcriptional control of a T7 RNA polymerase promoter; 

a eukaryotic cell infected by a recombinant MVA virus as any above; 

a cell infected by a recombinant MVA virus as above wherein the foreign gene code for 
T7 RNA polymerase; 
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a cell infected by a recombinant MVA virus as above wherein the for™ 

a) cuHuring saw cells under suitable conditions, and 

b) isolating the polypeptides encoded by said foreign genes. 

a eel, infocted by a recombinant MVA virus as above wherein me foreign gene code for 
T7HMA polymerase. add*ona„y containing expressfon vectors ca rtytng L g^ 

the use of a cells as above for the production vira, particles comprising: 

a) culturing said cells under suitable conditions, and 

b) isolating the viral particles; 

-el, infected by a recombinant MVA virus as above wherein the foreign gene code for 
T7RNA polymerase, additionally containing 9 ne code for 

a) an egression vector carrying a retroviral vector construct capab.e of 
.nfect,ng and directing the expression in target cells of one or more 
fore,gn genes carried by said retroviral vector construct, and 



b) one or more expression vectors carrying the genes encoding the 

b~^~^ 
promoter; 



pTomoter 9ed ^ ^ °< a ^ ™« Polymerase 

the use of cells as above for the production of 



retroviral particles comprising 
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a) culturing said cells under suitable conditions, and 

b) isolating the retroviral particles; 

a vaccine containing a recombinant MVA virus as above wherein the foreign gene code 
for an antigenic determinant in a physiologically acceptable carrier; 

the use of a recombinant MVA virus as above wherein the foreign gene code for an 
antigenic determinant preparation of a vaccine; 

the use of a vaccine as above for the immunisation of a living animal body, including a 
human; 

the use of a vaccine as above containing MVA-LAInef for the prevention or treatment of 
HIV infection or AIDS; 

the use of a vaccine as above containing MVA-hTYR for the prevention or treatment of 
melanomas; 

a vaccine comprising as a f irst component, a recombinant MVA virus as above wherein 
the foreign gene code for T7 RNA polymerase in a physiologically acceptable carrier, 
and as a second component a DNA sequence carrying an antigenic determinant under 
transcriptional control of a T7 RNA polymerase promoter in a physiologically acceptable 
carrier, the two components being contained together or separate; 

the use of a vaccine as abiove for the immunisation of a living animal body, including a 
human, comprising inoculation of said living animal body, including a human, with the 
first and second component of the vaccine either simultaneously or with a timelag using 
the same inoculation site; and 

The term "gene" means any DNA sequence which codes for a protein or peptide. 



The term "foreign gene" means a gene inserted in a DNA sequence in which it is not 
normally found. 
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In this context, the recombinant MVA virus expressing the HIV net gene can be used for 
immunization of human beings, on one hand, as a prophylactic vaccine against human 
HIV, and on the other hand, for immunotherapy of HIV infected or AIDS patients. 
Furthermore, the recombinant MVA virus expressing the HIV nef gene can be used for 
the production of recombinant HIV Nef protein. 

In another prefered embodiment of the invention the foreign gene inserted in the MVA 
virus is a gene encoding human tyrosinase. 

We have constructed recombinant MVA viruses that allow expression of the human 
tyrosinase gene under the control of the vaccinia virus early/late promoter P7.5. 
Recently, human tyrosinase was identified as a melanoma-specific tumor antigen that 
allows generation of anti-tumor cytolytic T-lymphocytes (Brichard, V., et al. [1993] J. Exp. 
Med. 178, 489-495). Since among normal cells, only melanocytes appear to express the 
tyrosinase gene, tyrosinase is a useful target antigen for immunotherapy of melanomas. 
Therefore, the recombinant MVA virus expressing the human tyrosinase gene can be 
used in melanoma patients to induce immune reponses that provoke tumor rejection or 
prevent metastasis. Recombinant MVA virus expressing the human tyrosinase gene can 
be used directly as an anti-melanoma vaccine, or the virus can be used to prepare anti- 
melanoma vaccines. In one example, the recombinant MVA virus expressing the human 
tyrosinase gene can be used for the production of recombinant tyrosinase protein which 
is used as antigen in vaccine preparations. In another example, using the recombinant 
MVA virus expressing the human tyrosinase gene as expression vector, cells derived 
from a tumor patient can be modified in vitro to express tyrosinase and then transferred 
back to the patient to induce anti-tumor immune responses. A vaccine prepared on the 
basis of recombinant MVA expressing the human tyrosinase gene can be used either 
parenteral^ or locally at the site of the tumor. To prevent tumor metastasis or to 
phenotypically change the tumor e.g. in size, shape, consistency, vascularization or other 
features. A vaccine prepared on the basis of recombinant MVA expressing the human 
tyrosinase gene can be used before, during, or after surgical extirpation of the tumor. 

For the preparation of vaccines, the MVA vaccinia viruses according to the invention are 
converted into a physiologically acceptable form. This can be done based on the 
experience in the preparation of MVA vaccines used for vaccination against smallpox (as 
described by Stickl, H. et al. [1974] Dtsch. med. Wschr. 99, 2386-2392). Typically, about 
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10 6 -10* particles of the recombinant MVA are freeze-dried in 100ml of 

TJTT'I S9,ine ^ h ^ PreS6nCe ° f 2% Pept ° ne a " d 1 % h "-n albumin 
n an ampoule, preferably a glass ampou.e. The lyophiHsate can contain extenders (such 
as m ann,to,, dextran, sugar, glycine, lactose or P ^ Pyrro „ done) or other aids (a" 
as entrants, stackers, etc., suitable for parenteral administration. The glass 
ampoule is then sealed and can be stored, preferably at temperatures below - 20 "C for 
several months. ' TOr 

For vaccinate or therapy the ,yophi,isa.e can be dissolved m o., ,o 0.5 ml of an 
aqueous soMon. preferably physiological sa,ine. and administered either parenteratiy 
or exampte by in,_,ar inocu,ation or loom,, tor e*amp,e by inocu JL £T 
tumor or a. the site o, a tumor. Vaccines or therapeutics seconding to me invent „ 

167 375-390). The mode of administration, the dose and me number of adminis Jens 
can be opfmized by those sfdffad in me ah in a k „own manner. „ is expedien, ZT 
apPropnafe ,o adminisfer me vaccine severs, fjmea over a fengfhy period in order ,o 
obtam appropriate immune responses against the foreign antigen. 

The use o, recombinant MVA viruses for me product of heterologous peptides 

p T ~T a , nt ™ A vaccWa acco ^ ng to «" — •» — » 

eUka ' y0,iC ™ S OTtalte **□ Mooted 
wall me recombtnan, vaccinia viruses. The gene which codes for the foreign poJepl 

rrj" a " d - "~ '-rologous Po-VPSpMe „ ^JT 

methods to be used for me production o, such heterologous po,ypep M es are genel 
known to those skilled in the art (EP-A-206. 920 and EP-A- 205 939, The ™, ~ 
Produced *m the sid o, me recom«nan, MVA .ruses are. ^ZZ^T* 

e R ™;:; z viruses enc °*° 77 rna **— « - - * - 

pTr ^ ,ranSCriP,i0na ' — « * ™* Phrase 

ITm^'™' 01 PreSem ^ — ™. MVA 

vtruses ma, a,,ow expression o, .he bacteriophage T7 RNA payment gene under the 
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control of the vaccinia virus early/late promoter P7.5. The usefulness of MVA-T7pol 
recombinant viruses as expression system has been tested in transient transfection 
assays to induce expression of recombinant genes under the control of a T7 RNA 
polymerase promoter. Using the E. coli chloramphenicol acetyltransferase (CAT) gene 
as a reporter gene we found that MVA-T7pol induced CAT gene expression as 
effectively as a vaccinia/T7pol recombinant virus derived from the replication-competent 
WR strain of vaccinia virus. 

The MVA/T7 polymerase hybrid system according to the invention can thus be used as a 
simple, efficient and safe mammalian expression system for production of polypeptides 
in the absence of productive vaccinia virus replication. 

This expression system can also be used for generating recombinant viral particles for 
vaccination or gene therapy by transformation of cell lines infected with recombinant 
MVA expressing T7 RNA polymerase, with DNA-constructs containing all or some of the 
genes, and the genome or recombinant genome nessesary for generating viral. particles, 
e.g MVA particles or retroviral particles, under transcriptional control of a T7 RNA 
polymerase promoter. 

Retroviral vector systems consist of two components: 

1 ) the retroviral vector itself is a modified retrovirus (vector plasmid) in which the 
genes encoding for the viral proteins have been replaced by therapeutic genes and 
marker genes to be transferred to the target cell. Since the replacement of the genes 
encoding for the viral proteins effectively cripples the virus it must be rescued by the 
second component in the system which provides the missing viral proteins to the 
modified retrovirus. 

The second component is: 

2) a cell line that produces large quantities of the viral proteins, however lacks 
the ability to produce replication competent virus. This cell line is known as the 
packaging cell line and consists of a cell line transfected with one or more plasmids 
carrying the genes (genes encoding the gag, pol and env polypeptides) enabling the 
modified retroviral vector to be packaged. 



WO 97/02355 

PCT/EP96/02926 
12 

L°»„e e uTT 0113960 vec,or ' reo,or p ' asn * d te ,rans,eaed w ° - P— *>. 

ce» hne. Under these condWons me modifled retroviral genome including the inserted 
merapeuuc a„d marirer genes is transcribed ,rom me vector piasmid and packed 

Z, 2 partte,es (recombinaM *- pa *'«* ™- 

vtrus ts then used to infect targe, cells in which ,he vector genome and any carried 
marker or therapeutic genes becomes integrated Wo the target cell's DMA A cell 
■nfected with such a recombinant vira, padJCe cannot produce new vector virus since 
no v„a, proteins are present in these ce„s. However the DNA ot the vector c"he 
fherapeuuc and matter genes is integrated in the cell's DNA and can now be 
expressed in the infected cell. 

The recombinant MVA virus according to me invention expressing T7 RNA polymerase 
-» be used to produce the proteins repaired tor packing re.ro.ra, vectorl ZZ. 
me gag. po, and env genes o, a remo^rus (e.g. me Murine Leukemia Vinos (MLV)) are 
Placed under transcribe, control of a T7 RNA po,yme ra se promoter in one or more 
express™ vectors (e.g. piasmids,. The expression vectors are men Wroduced into cells 
n ~ted «h me recombinant MVA *rus expressing T7 RNA poVmerase, togome^ 

control of a T7 RNA polymerase promoter. 

WO 94*9437, WO 89/, ,539 and WO 9*07748 describes dWeren, types o, removira, 
vector construe* which can be packaged using me packaging syJlcribeo^. 

A .Udher use o, ,he recombinan, MVA vims expressing T7 RNA polymerase is to 
generate recombinant pro,e,ns, non-infcaious vims padictes, or intectious muten, virus 
pa^es or me produo.cn o, vaoanes or merapetrtcs (Buchholz e, a,., Virology aT 

genes o, HIV-1, are placed under transcriptional control o, me T7 promoter in an 
Z^on ve„or ,e. g . pfcemid or another recombman, MVA virus,. Thfc consl „ 
m n unreduced tnto ce»s infected «*h tee recombinant MVA vims expressing T7 Za 
^merase. The recombinant vim, genes are transcribed wim high eLiency 
teoombman, proteins are made in high amounte and can be purified. Additionally 
exposed recombinant vira, proteines (e.g. HIV-, env. gag, may assemble to vira, 

~r budd ,rom ,he — and ^ ^ ~»« *» - — 

medium. In anomer embodiment , vira, proteins (fmm e.g. „,v. s.V. Measles v™. 
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expressed by the MVA-T7 po! system may rescue an additionally introduced mutant virus 
(derived from e.g. HIV, SIV, Measles virus) by overcoming a defect in attachment and 
infection, uncoating, nucleic acid replication, viral gene expression, assembly, budding or 
another step in viral multiplication to allow production and purification of the mentioned 
mutant virus. 

MVA-T7pol can also be used together with DNA sequences carrying the gene of an 
antigen of interest (e.g. the gene of HIV, nef, tat, gag, pol , or env or others) for 
immunization. First, a coding sequence of a given antigen (e.g HIV, HCV, HPV, HSV, 
measles virus, influenza virus or other) are cloned under control of a T7 RNA polymerase 
promoter preferably in a plasmid vector and the resulting DNA construct is amplified and 
purified using standard laboratory procedures. Secondly, the vector DNA is inoculated 
simultaneously or with appropriate limelags together with MVA-T7pol. At the site of 
inoculation the recombinant gene of interest is expressed transiently in cells containing 
both the vector DNA and MVA-T7 pol and the corresponding antigen is presented to the 
host immune system stimulating an antigen-specific immune response. This protocol 
using the non-replication vaccinia vector MVA -T7 pol represents a promising novel 
approach to nucleic acid vaccination allowing efficient transient expression of a given 
antigen, but avoiding the potential risk of constitutive gene expression. 

The recombinant MVA vaccinia viruses can be prepared as set out hereinafter. 

A DNA-construct which contains a DNA-sequence which codes for a foreign polypeptide 
flanked by MVA DNA sequences adjacent to a naturally occuring deletion, e.g. deletion 
II. within the MVA genome, is introduced into cells infected with MVA, to allow 
homologous recombination. 

Once the DNA-construct has been introduced into the eukaryotic cell and the foreign 
DNA has recombined with the viral DNA, it is possible to isolate the desired recombinant 
vaccinia virus in a manner known per se, preferably with the aid of a marker (compare 
Nakano et al., Proc. Natl. Acad. Sci. USA 79, 1593-1596 [1982], Franke et al., Mol. Cell. 
Biol. 1918-1924 [1985], Chakrabarti et al., Mol. Cell. Biol. 3403-3409 [1985], Fathi etal., 
Virology 97-105 [1986]). 



The DNA-construct to be inserted can be linear or circular. A circular DNA is prefered, 
especially a plasmid. The DNA-construct contains sequences flanking the left and the 
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right side of a naturally occuring de.etion, e.g. deletion II, within the MVA genome ( 
Altenburger, W., Suter, CP. and Altenburger J. (1989, Arch. Virol. 105 15-27) 
The fore,gn DNA sequence is Inserted between the sequences flanking the naturally 
occunng deletion. The foreign DNA sequence can be a gene coding for a therapeutic 
Peptide, e .g. t-PA or interferon, or an antigenic determinant from a pathogenic agent 
Pathogen, agents can be viruses, bacteria and parasites which may cause a disease 
as we,, as tumor cells which multiply unrestrictedly in an organism and may thus iead to 
pathological growths. Examples of such pathogenic agents are described in Davis B D 
et al. , (Microbiology, 3rd ed., Harper International Edition). Preferred antigens of 
pathogenic agents are those of human immunodificiency viruses (e.g. H.V-1 and HIV-2) 
of mycobacteria causing tuberculosis, of the parasite P.asmodium falciparum, and of 
melanoma cells . 



For the express.cn of a DNA sequence or gene, it is necessary for regulatory sequences 
wh,ch are required for the transcription of the gene, to be present on the DNA Such ' 
regulatory sequences (called promoters) are known to those skilled in the art and 
■ncludes for example those of the vaccinia 1 1 kDa gene as are described in EP-A-198 
328, and those of the 7.5 kDa gene (EP-A-1 1 o, 385). 

The DNA-construct can be introduced into the MVA Infected cells by transfection for 
example by means of calcium phospate precipitation (Graham et a.., Virol. 52 456-467 
[1 973]; Wigler et a,., Cell 777-785 [1 979] by means of e.ectroporation (Neumann et a. 

inT^'l 8 ! 1 " 845 f1982]) ' ^ miCr ° injeCtion «*aessmann eta.., Meth. Enzymology 
101, 482-492 (1983)), by means of .iposomes (Straubinger et al., Methods in 
Enzymology 101 , 512-527 (1983)), by means of spheroplasts (Schaffner, Proc Nat. 
Acad. Sci USA 77, 2163-2167 (1980)) cr by other methods known to those ski„ed in the 
art. Transfection by means of calcium phosphate precipitation is prefered. 

The defalk* examo.es which follow are intended to contribute to a better understanding 
of the present .nvention. However, it is not intended to give the impression that the 
invention is confined to the subject-matter of the examples. 
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The drawings 



Figure 1 : 



Figure 2: 



Figure 3: 



Figure 4: 



Schematic map of the genome of MVA and plasmid for insertion of 
foreign DNA by homologous recombination: H/ndlll restriction sites 
within the genome of MVA are indicated at the top. The 900-bp H/ndlll- 
H/ndlll N fragment that overlaps the junction of deletion II within the 
MVA genome is shown. MVA DNA sequences adjacent to deletion II 
(flankl and ftank2) were amplified by PCR and used for the construction 
of insertion plasmid pUC II LZ. 

pUC II LZ P7.5: MVA vector plasmid for insertion into deletion II 
containing P11-LacZ expression cassette and the vaccinia virus 
early/late promoter P7.5 to express genes of interest that can be cloned 
into the Smal site of the plasmid. 

pUCII LZdel P7.5: MVA vector plasmid for insertion of foreign genes at 
the site of deletion II in the MVA genome, containing a self-deleting 
P1 1-LacZ expression cassette and the vaccinia virus early/late promoter 
P7.5 to express genes of interest that can be cloned into the Sma1 / 
A/ofl cloning site of the plasmid. 

Construction of recombinant virus MVA-T7pol: schematic maps of the 
MVA genome (H/ndlll restriction endonuclease sites) and the vector 
plasmid pUC II LZ T7pol that allows insertion of the T7 RNA polymerase 
gene at the site of deletion II within the H/ndlll N fragment of the MVA 
genome. 



Figure 5: 
Figure 6: 



Southern blot analysis of MVA-T7pol viral DNA 

Metabolic labeling of proteins using [ 35 Slmethionine. SDS PAGE 
analysis. Lane 1: MVA T7pol, Lane 2: MVA, lane 3: CV-1 cells. 
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Figure 7: CAT assay: CV-1 cells transfected with p»asmid containing CAT gene 
under control of T7 RNA polymerase promoter and infected with MVA 
T/pol or WR-T7pol. Lysates were tested for CAT activity. C means 
chloramphenicol, and 1-AcC and 3-AcC means mono and tri acetylated 
forms of chloramphenicol. Cat activity is expressed as percentage of 
acetylated product formed in 60 min. 

Figure 8: Construction of MVA-LAInef: schematic maps of the MVA genome 
(""xllll restriction endonuclease sites) and the vector plasmid pUC l« 
LZdel P7.5-LAInef that allows insertion of the nefgene of HIV-1 LAI at 
the site of deletion .. within the H/hd.ll N fragment of the MVA genome. 

Figure 9: Construction of MVA-hTYR: schematic maps of the MVA 

genome (H/hdlll restriction endonuclease sites) and the vector plasmid 
PUC II LZde. P7.5-TYR that allows insertion of the human tyrosinase 
gene at the site of deletion II within the HindlU N fragment of the MVA 
genome 
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Examples 



1 . Growing and purification of the viruses 
1 .1 Growing of the MVA virus 

The MVA virus is a highly attenuated vaccinia virus derived from the vaccinia virus 
strain Ankara (CVA) by long-term serial passages on primary chicken embryo 
fibroblast (CEF) cultures. For a general rewiew of the history of the production, the 
properties and the use of MVA strain, reference may be made to the summary 
published by Mayr et al. in Infection 3, 6-14 [1975]. Due to the attenuation in CEF, the 
MVA virus replicates to high titers in this avain host cell. In mammalian cells, however, 
MVA is severely growth restricted, and typical plaque formation by the virus is not 
detectable. Therefore, MVA virus was grown on CEF cells. To prepare CEF cells, 11- 
days old embryos were isolated from incubated chicken eggs, the extremities are 
removed, and the embryos are minced and dissociated in a solution composed of 
0.25% trypsin at 37 =C for 20 minutes. The resulting cell suspension was filtered and 
cells were sedimented by centrifugation at 2000 rpm in a Sorvall RC-3B centrifuge at 
room temperature for 5 minutes, resuspended in 10 volumes of medium A (MEM 
Eagle, for example obtainable from Life Technologies GmbH, Eggenstein, Germany), 
and sedimented again by centrifugation at 2000 rpm in a Sorvall RC-3B centrifuge at 
room temperature for 5 minutes. The cell pellet was reconstituted in medium A 
containing 10% fetal calf serum (FCS), penicillin (100 units/ml), streptomycin (100 
mg/ml) and 2 mM glutamine to obtain a cell suspension containing 500 000 cells/ml. 
CEF cells obtained in this way were spread on cell culture dishes. They were left to 
grow in medium A in a C0 2 incubator at 37°C for 1-2 days, depending on the desired 
cell density, and were used for infection either directly or after one further cell passage. 
A detailed description of the preparation of primary cultures can be found in the book 
by R.I. Freshney, "Culture of animal cell", Alan R. Liss Verlag, New York [1983] 
Chapter 1 1 , page 99 et seq. 

MVA viruses were used for infection as follows. CEF cells were cultured in 175 cm2 
cell culture bottles. At 90-100% confluence, the medium was removed and the cells 
were incubated for one hour with an MVA virus suspension (0.01 infectious units (IU) 
per cell, 0.02 ml/cm2) in medium A. Then more medium A was added (0.2 ml/cm*) and 
the bottles were incubated at 37°C for 2-3 days (until about 90% of the cells show 
cytopathogenic effect). Crude virus stocks were prepared by scraping cell monolayers 
into the medium and pelleting the cell material by centrifugation at 3000 rpm in a 
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at^cTe^rr 96 at 4 sc for 5 minutes - ^ crude virus ~ - — 

at 20 C before further processing (e.g. virus purification) 
1.2 Purification of the viruses 

The purification steps uneven to obtain a virus preparation which was as pure as 
possible and free front component specific to me host cell were similar ,c those 
desenbed by JoKliK (Virology ,8, 9-18 [1 9621) . Cntde virus stocks which halbl 
stored a, -20X. were thawed and suspended once in PBS (,0-20 me^me of 
me sadden,,, and the suspension was centrifuged as above. The new sed^nZs 
suspended tn ,0 times the volume o, Tris butfer , „ omM Tris-HCI pH 9.0 , and mT 
uspens,on was briefly treeted with ultrasound (Labsonic L, B.Braun Biotech 
nternaeonai, Melsungen Germany; 2x10 seconds at 60 wans and room temperature) 
■n order to further «n,egra,e cei, debris end to liberate me virus parses Z «T 
7' ~- The - «• the larger cei, debris were removed JZ 
subsequent brief centrifugation of me suspension (Sorval, GSA rotor obtainable from 
DuPon, Co., D-6353 Bad Nauhelm, FRO; 3 minutes a, 3000 rpm and ,0^ ThT 
sedtmen, was once again suspended in Tris buffer t . treated with ultrasound and 
cenwuged, as described above. The coiteced supernatante containing me free virus 

T : * w ztt and ^ ~ * «-*» - «• - - ^ h ,; mM 

2 « 3 Mn, * ,ged " BeCkman SW 27/SW 28 *>' 80 minutes 
wrih 13,500 rpm a, 4- C. The supernatant was discarded, and the sedimen, con,* ing 
.he vtrus parhcies was teKen up in 10 m, o, , mM Tris-HC, pH 0.0, homogen^ " 7 
bne, ^ t w „ h u(trasound (2xl0 ^ ^ appa 9 ratu 2 s e a d s Dy 

HC oh n ™ ^ aPP ' ied '° 3 «—* <™" ' ™ Trie- 

mtor a ,3,000 rpm tor 50 minutes a, 4= C. After centritugation. discrete bands 

band. The obtamed sucrose solution was diluted with three volumes PBS sort ,h„ 

parses were sedlmented again by centritugatlon (BecKmann SW ^ 

a. 13300 rprm 4- C.,. The peite,, which now consisted mosly o. pure virus parJes 

ge 10 1 t> x 10 lU/ml. The purified virus stock solution was stored *t an °n ^ 
ased eimer directly or di,uted with PBS for subseguent expenmente 
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1 .3 Cloning of MVA virus 

To generate homogeneous stock virus preparations MVA virus obtained from Prof. 
Anton Mayr was cloned by limiting dilution during three consecutive passages in CEF 
cultured on 96-weli tissue culture plates. The MVA clone F6 was selected and 
amplified in CEF to obtain working stocks of virus that served as starting material for 
the generation of recombinant MVA viruses described in this patent application as well 
as for the generation of recombinant MVA viruses described previously (Sutter, G. and 
Moss, B. [1992] Proc. Natl. Acad. Sci. USA 89, 10847-10851; Sutter, G., Wyatt, L., 
Foley, P., Bennink, J. and Moss, B. [1994] Vaccine 12, 1032-1040; Hirsch, V., Fuerst, 
T., Sutter, G., Carroll, M., Yang, L., Goldstein, S., Piatak, M., Elkins, W., Alvord, G., 
Montefiori, D., Moss, B. and Lifson, J. [1996] J. Virol. 70, 3741-3752). 

2. Construction and characterization of recombinant MVA viruses 
2.1 . Construction of vector plasmids 

To allow the generation of recombinant MVA viruses novel vector plasmids were con- 
structed. Insertion of foreign genes into the MVA genome was targeted precisely to the 
site of the naturally occuring deletion II in the MVA genome. Sequences of MVA DNA 
flanking the site of a 2500-bp deletion in the H/ndlll N fragment of the MVA genome 
(Altenburger, W.. Suter, CP. and Altenburger, J. [1989], J. Arch. Virol. 105, 15-27) 
were amplified by PCR and cloned into the multible cloning site of plasmid pUC18. The 
primers for the left 600-bp DNA flank were 5'-CAG CAG GGT ACC CTC ATC GTA 
CAG GAC GTT CTC-3' and 5'-CAG CAG CCC GGG T AT TCG ATG ATT ATT TTT 
AAC AAA ATA ACA-3' (sites for restriction enzymes Kpnl and Smal are underlined). 
The primers for the right 550-bp DNA flank were 5'-CAG CAG CTG CAG GAA TCA 
TCC ATT CCA CTG AAT AGC-3 and 5'-CAG CAG GCATGC CGA CGA ACA AGG 
AAC TGT AGC AGA-3' (sites for restriction enzymes Psfl and Spnl are underlined). 
Between these flanks of MVA DNA inserted in pUC18. the Escherichia coli lacZ gene 
under control of the vaccinia virus late promoter P1 1 (prepared by restriction digest 
from pill LZ, Sutter, G. and Moss, B. [1992] PNAS USA 89, 10847-10851) was 
inserted, using the BamHI site, to generate the MVA insertion vector pUCII LZ 
[Figure 1]. In the following, a 289 bp fragment containing the vaccinia virus early-late 
promoter P7.5 together with a Smal site for cloning (prepared by restriction digest with 
EcoR\ and Xba\ from the plasmid vector pSC1 1 [Chakrabarti et al. 1985, Molecular 
and Cellular Biology 5, 3403-3409]) was inserted into the Smal site of pUCII LZ to give 



WO 97/02355 

PCT/EP96/02926 
20 ' 

the MVA vector pUC II L2 P7 5 rPinnro o^ tv. 

k ^ 11 ^ "7.5 [Figure 2], To construct a vector plasmid that allows 

reC ° mbinant " ^ ^ ^ ~ ~ - re Po r n ; P- 
galactos,dase a 330 bp DNA fragment from the 3'-end of the E coliLz, ! 

frame was amplified bv Ppr Z ° pen readina 

a, "P'»iea Dy kcr (pnmers were 5 -CAG CAG rtp rsAr> ~ .~ 

used ,„ lnsert DNA seances encoding a foreign gene under transcriptional control of 
*a vaoc,n,a v,rus promoter P7.5 ,nto me MVA genome. After me desired "oil 

prcpagat.on o, the recombinant virus , eads „ „, ^ ~ 

P1 1-iacZ expression cassette by homologous recombination. 

2.2. Construction and characterization of recombinant virus MVA TVpol 

A 3.1 kbp DNA fragment containing tbe entire gene of bacteriophage T7 RNA 

HCOR, from p^m M pTP7-3 (Puerst T.R.. Niles. E.G., Studier, P.W. and Moi B 1986 
P. N. A. S. USA 83, 8,22-8,28). modified by incubafton with Kfcnow DNA poleras! 1 

ZT T ends ' cloned imo a un ^ s ™' ~ - 

was choTn contl £1 " ^ *» ~ ™ 

cnoson. Contrary to stronger vaccinia virus late promoters le o P1 , i ,h* 

:rc:Tr ofre — 

TJ^^^ ~ — ' - of the foreign genes into T 

of the MVA genome was used to generate »e recombinant virus MVA 

CEF cells infected with MVA at a multiplicity of 0 05 TCID ~i 
with DNA of plasmid oUCH I 7 T7 , \ 50 e " Were tran sfected 

Foley p. BenniT . 1 P °' 38 deSCribed P revio ^'y (Sutter, G. Wyatt, L, 
MVA «ruL .^-l^!^' a <1994) VaCdne 12 ' «Oa-1040). Recombinant 
(MVA P7.S-CTZs selaTlZ J**"— P-D-ga te c,osidase 

subsequently, recomb.nant viruses were amplified by infection of CPP JT7 

the DNA was 'mewion of CEF monolayers, and 
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analyzed by PCR to confirm genetic homogenity of the virus stock. Southern blot 
analysis of MVA-T7pol viral DNA demonstrated stable integration of the recombinant 
genes at the site of deletion II within the MVA genome [Figure 5]. 
To monitor expression of T7 RNA polymerase by recombinant MVA T7pol 
[ 35 S]methionine -labeled polypeptides from virus infected tissue culture were analyzed. 
Monolayers of the monkey kidney cell line CV-1 grown in 12-well plates were infected 
with virus at a multiplicity of 20 TCID*, per cell. At 3 to 5 hours after infection, the medium 
was removed, and the cultures were washed once with 1 ml of methionine free medium. 
To each well. 0.2 ml of methionine-free medium supplemented with 50 uCi of 
[ 35 S]methionine was added and incubated for 30 min at 37°C. Cytoplasmic extracts of 
infected cells were prepared by incubating each well in 0.2 ml of 0.5% Nonidet P-40 lysis 
buffer for 10 min at 37°C and samples were analyzed by SDS-PAGE. The metabolic 
labeling of the CV-1 cells with MVA T7pol revealed the synthesis of two additional 
polypeptides (i) a protein of about 1 16,000 Da representing the E. col. B-galactosidase 
co-expressed to allow the screening for recombinant virus and (ii) a 98,000 Da protein 
with the expected size of the bacteriophage T7 RNA polymerase [Figure 6]. The large 
amount of (5-galactocidase made by MVA T7pol is remarkable. The results from the in 
vivo labeling experiments demonstrate a very strong expression of the P1 1 -LacZ gene 
construct when inserted into the MVA genome at the site of deletion II indicating that 
recombinant genes in MVA vector viruses might be expressed more efficiently when 
inserted into this locus of the MVA genome. 

The usefulness of MVA-T7pol recombinant viruses as expression system in comparison 
to the WR-T7pol recombinant virus vTF7-3 (Fuerst et a. 1 986) was tested by the 
co-transfection of DNA of a plasmid vector that is derived from pTM1 (Moss, B., Elroy- 
Stein, O., Mizukami, T., Alexander, W.A., and Fuerst T.R. (1990) Nature 348, 91-92) and 
contains (cloned into the Ned and BamH sites of the pTM1 multible cloning site) the E. 
coli chloramphenicol acetyltransf erase (CAT) gene under the control of a T7 RNA 
polymerase promoter (PT 7 ). Transfected and infected CV-1 cells were suspended in 0.2 
ml of 0.25 M Tris-HCI (pH 7.5). After three freeze-thaw cycles, the lysates were cleared 
by centrifugation. the protein content of the supematants was determined, and samples 
containing 0.5, 0.25, 0.1 ^g total protein were assayed for enzyme activity as described 
by Mackett, M., Smith, G.L. and Moss, B. (1984) J. Virol. 49, 857-864. After 
autoradiography, labeled spots were quantitated using the Fuji imaging analysis system. 
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The t«u«s ae mons,ra,e m at by ^ ^ h(ghv attenua(ed 

Poss,b,e ,o expw, the vaccinia trfrus-TT RNA polymerase system as * " 

using a fuily replicetion-competen, vaccinia virus rccombinan. [Figure 7,. 

2.3. Construction and characterization of recombinant virus MVA-LAtnef 

t™ZT "7T con,aWna me en " re TO ' 9ene °* H,v -' - P^ed by 

PCR from ptosm,d DNA (pTG, ,66 Kindly provided by M,P. Kieny. Transg Je S A 
SUasbourg.- PC R primers were S'-CAG CAG GGA TCC ATG GGT GGC AAGTGG TCA 

™ r: t r*° cag qga tcc atg ™ «* ^ crrZ ™ to 

CTC CGG-3 ), digested with restriction endonuclease SamHl mnHi« Q w k 

bTusedl » ™- ^-LAine, [Rgure 8). Thispiasmid did 

be used to eng,„eer MVA recombinant virus that expresses the nergene o, H,V-1 LaT 
under control of the vaccinia virus eady/late promoter P7 5 3 HIV 1 LAI 

r P.. Senn., , and S^E^ 
vtruses containing tbe nefgene and bansiently co-expressing me £ « JIT 

r.znr by r eou,ive ™ nds ° f ^ p ~ ,n cef - 

«* S-bromo-.^ioro-S-.ndoiy, p-D-gefcctoside (300 pg/mi). In the following 
recombman, MVA viruses containing me nef gene and having deleted me fL maIte r 

screemng for non-sta,n,ng v,ra, fod in CEF cells in the presence of 5-bromc-4-ch toro .3 

by tnfecon of CEF monolayers, and me MVA-Ulnef viral DNA was analyzed by PCR fn 
con m, genetic homogeneity o, me virus stoc*. Soufhern blo, analyds JZ DNA 

TdT ^ °' MVA " LA ' ne ' ™' *~— - ^,,-0, me 
Efficient expression of recombinant Nef p rote in was confirmed by Western blo, an,,,.- 
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2.4. Construction and characterization of recombinant virus MVA-hTYR 

A 1.9 kb DNA fragment containing the entire gene encoding human tyrosinase 
[Tyrosinase c-DNA clone 123.B2 isolated from the melanome cell line SK29-MEL of 
patient SK29 (AV), GenBank Acc. no. U01873; Brichard, V., Van Pel, A., Wolf el, T., 
Wolfel, C De Plaen, E., Lethe, B., Coulie, P. and Boon, B. (1993). J. Exp. Med. 178, 
489-495] was prepared from the plasmid pcDNAI/Amp-Tyr [Wolfel, T., Van Pel, A., 
Brichard, V., Schneider, J., Seliger, B., Meyer zum Biischenfelde, K. and Boon, T. (1994) 
Eur. J. Immunol 24, 759-764] by Ecoffl digest, modified by incubation with Klenow DNA 
polymerase to generate blunt ends, and cloned into the Smal site of pUC II LZdel P7.5 to 
make the vector pUC II LZdel P7.5-TYR [Figure 9]. This plasmid could be used to 
engineer MVA recombinant virus that expresses the human tyrosinase gene under 
control of the vaccinia virus early/late promoter P7.5. 

CEF cells infected with MVA at a multiplicity of 0.05 TCIDso per cell were transfected with 
DNA of plasmid pUC II LZdel P7.5-TYR as described previously (Sutter, G, Wyatt, L., 
Foley, P., Bennink, J. and Moss, B. (1994) Vaccine 12. 1032-1040). Recombinant MVA 
virus stably expressing the gene for human tyrosinase and transiently co-expressing the 
E. coli LacZ gene was selected by consecutive rounds of plaque purification in CEF cells 
stained with 5-bromo-4-chloro-3-indolyl p-D-galactoside (300 ug/ml). In the following, 
recombinant MVA virus expressing the gene encoding human tyrosinase and having 
deleted the LacZ marker gene was isolated by three additional consecutive rounds of 
plaque purification screening for non-staining viral foci in CEF cells in the presence of 5- 
bromo-4-chloro-3-indolyl p-D-galactoside (300 ug/ml). Subsequently, recombinant 
viruses were amplified by infection of CEF monolayers, and the MVA-hTYR viral DNA 
was analyzed by PCR to conf irm genetic homogeneity of the virus stock. Southern blot 
analysis of viral DNA confirmed genetic stability of MVA-hTYR and precisely 
demonstrated integration of the recombinant tyrosinase gene and deletion of the E. coli 
LacZ marker gene at the site of deletion II within the viral genome. 
Efficient expression of recombinant human tyrosinase was confirmed by Western blot 
analysis of protein lysates from CEF cells infected with MVA-hTYR using rabbit 
polyclonal antibodies (kindly provided by V. Hearing and used as described by Jimenez, 
M., Kameyama, K., Maloy, L., Tomita, Y. and Hearing, V. [1988] P.N.AS. USA 85, 3830- 
3834) or mouse monoclonal antibodies ( kindly provided by L. Old and used as described 
by Chen. Y., Stockert, E., Tsang, S., Coplan, K. and Old, L. [1 995] P.N.A.S. USA 92, 
8125-81 29) directed against tyrosinase. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION; 

(i) APPLICANT : 

(A) NAME: GS F -Pors chungs z en t rum fuer Umwelt unci 

Gesundheit GmbH 

(B) STREET : Ingolstaedter Landstr. Xf Neunerberg 

(C) CITY: Oberschleissheim 

(E) COUNTRY: Germany 

(F) POSTAL CODE (ZIP) : 85764 

■ Ui) TITLE OP INVENTION : Recombinant MVA virus, and tne use thereof 

(iii) NUMBER OF SEQUENCES ; 8 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC - DOS /MS - DOS 

(D) SOFTWARE : Patentln Release #1 .o, Version #1.3 0 (EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: DK 0782/95 

(B) FILING DATE: 04-JUL-1995 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /deS c = "DNA-primer " 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : l- 
CAGCAGGGTA CCCTCATCGT ACAGGACGTT CTC 

33 
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(2) INFORMATION FOR SEQ ID NO : 2: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "DNA- primer" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CAGCAGCCCG GGTATTCGAT GATTATTTTT AACAAAATAA CA 
(2) INFORMATION FOR SEQ ID NO : 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "DNA-primer" 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CAGCAGCTG C AGGAATCATC CATTCCACTG AATAGC 
(2) INFORMATION FOR SEQ ID NO : 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "DNA-primer" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4; 
CAGCAGGCAT GCCGACGAAC AAGGAACTGT AGCAGA 
(2) INFORMATION FOR SEQ ID NO : 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "DNA-primer » 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5: 
CAGCAGGTCG ACCCCGACCG CCTTACTGCC GCC 
(2) INFORMATION FOR SEQ ' ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "DNA-primer" 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GGGGGGCTGC AGATGGTAGC GACCGGCGCT CAG 
(2) INFORMATION FOR SEQ ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS: 



BNSDOCID: <WO 9702355A1J_> 



WO 97/02355 



PCT/EP96/02926 



27 



(A) LENGTH: 3 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "DNA-primer ■' 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7: 
CAGCAGGGAT CCATGGGTGG CAAGTGGTCA AAAAGTAGT 
(2) INFORMATION FOR SEQ ID NO : 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "DNA-primer" 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CAGCAGGGAT CCATGTCAGC AGTTCTTGAA GTACTCCGG 
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Claims: 



1. 



3. 



4. 



6. 



8. 



9. 



10. 



A recombinant MVA virus containing and capable of expressing at least one 
fore,gn gene inserted at the site of a naturally occurring deletion within the MVA 
genome. 

A recombinant MVA virus according to claim 1 containing and capable of 
expressing at least one foreign gene inserted at the site of deletion II within the 
MVA genome. 

A recombinant MVA virus according to claims 1 to 2 wherein the foreign gene 
codes for a marker, a therapeutic agent or an antigenic determinant. 

A recombinant MVA virus according to claim 3 wherein the foreign gene codes 
for an ant.genic determinant from a pathogenic virus, a bacteria, or other 
microorganism, or from a parasite, or a tumor cell. 

A recombinant MVA virus according to claim 4 wherein the foreign gene codes 
for an antigenic determinant from Plasmodium Falciparum, Mycobacteria 
Herpes virus, influenza virus, hepatitis, or human immunodeficiency viruses. 

A recombinant MVA virus according to claims 4 to 5 wherein the antigenic 
determinant is HIV nef or human tyrosinase. 

A recombinant MVA virus according to claim 6 which is MVA-LAInef 
or MVA-hTYR. 

A recombinant MVA virus according to claims 1 to 2 wherein the foreign gene 
codes for T7 RNA polymerase. 

A recombinant MVA virus according to claim 8 which is MVA-T7 pol. 

A recombinant MVA virus according to claims 1 to 9 wherein the foreign gene is 
under transcriptional control of the vaccinia virus eariy/late promoter P7.5. 
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11 . Recombinant MVA viruses according to claims 1 to 10 essentially free from 
viruses being able to replicate in human cells. 

12. The use of a recombinant MVA virus according to claims 8 to 9 for the 
transciption of DNA sequences under transcriptional control of a T7 RNA 
polymerase promoter. 

13. A eukaryotic cell infected by a recombinant MVA virus according to any of claims 
1 to 11. 

14. A cell according to claim 13 infected by a recombinant MVA virus according to 
claims 8 to 9. 

1 5. A cell according to claim 1 4 additionally containing one or more expression 
vectors carrying one or more foreign genes under transcriptional control of a T7 
RNA polymerase promoter. 

1 6. The use of cells according to claim 15 for the production of the polypeptides 
encoded by said foreign genes comprising: 

a) cuituring said cells under suitable conditions, and 

b) isolating the polypeptides encoded by said foreign genes. 

17. A cell according to claim 1 4 additionally containing expression vectors carrying 
viral genes, and/or a viral vector construct encoding the genome of a viral vector 
under transcriptional control of a T7RNA polymerase promoter. 

18. The use of cells according to claim 17 for the production of viral particles 
comprising: 

a) cuituring said cells under suitable conditions, and 



b) 



isolating the viral particles. 
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A cell according to claim 14 additionally containing 

a) an expression vector carrying a retroviral vector construct capable of 
.nfecting and directing the expression in target cells of one or more 
foreign genes carried by said retroviral vector construct, and 

b) one or more expression vectors carrying the genes encoding the 
polypeptides required for the genome of said retroviral vector construct to 
be packaged under transcriptional control of a T7 RNA polymerase 
promoter. 

20. The use of cells according to claim 19 for the production of retrovira. partic.es 
comprising 

a) culturing said cells under suitable conditions, and 

b) isolating the retroviral particles. 

21. A vaccine containing a recombinant MVA virus according to claims 3 to 7 in a 
physiologically acceptable carrier. 

22. The use of a recombinant MVA virus according to claims 3 to 7 for the 
preparation of a vaccine. 

23. The use o, a vaccine according ,o da, m « te , he immunisalion of . livjng anjmal 
body. ,nc„* g a h„n,an. con,pns* 9 inocuMon sa,d ,Mng an, ma , body. Lu* 9 
a human with the vaccine. 9 

24. The use of a vaccine according to claim 21 containing MVA-LAInef for the 
prevention or treatment of HIV infection or AIDS. 

25. The use of a vaccine according to claim 21 containing MVA-hTYR for the 
prevention or treatment of melanomas. 
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A vaccine comprising as a first component a recombinant MVA virus according to 
claims 8 to 9 in a physiologically acceptable carrier, and as a second component 
a DNA sequence carrying an antigenic determinant under transcriptional control 
of a T7 RNA polymerase promoter in a physiologically acceptable carrier, 
the two components being contained together or separately. 

The use of a vaccine according to claim 26 for the immunisation of a living animal 
body, including a human, comprising inoculation of said living animal body, 
including a human, with the first and second component of the vaccine either 
simultaneously or with a timelag but using the same inoculation site. 



28. 



The use of a recombinant MVA virus according to claims 8 to 9 for the 
preparation of a vaccine according to claim 26. 
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